The enterprises want to minimise the overall production costs, to maintain the quality and to increase the competitiveness on the market. It is possible to increase the number of customers, efficiency and effectiveness through the product quality. Therefore, every enterprise needs to have a good organisational structure, good experts and the knowledge how to do qualitative work. The paper shows the application of expert system to the problem of selection of installation pipes according to the given attributes. The input attributes are: mechanical load, material, colour, flame resistance, length, packaging, temperature range and outer diameter. The output parameter is the type of installation pipe. The expert system can give a second opinion, explicitly and in detail. They have the intelligent database and the possibility to adopt new knowledge, but also have a disadvantage that they use only the stored data to create solutions. Therefore, it is necessary to change the data according to a situation in the given environment. Despite the disadvantages of expert systems, their application is becoming increasingly important for the progress of enterprises.
Introduction
With the transition from the information society to knowledge society, knowledge becomes the advantage for the individual, enterprise or state, because the competition is greater every day [1] .
Over the years, the computer science has increasingly developed and progressed. The implementation and application of information in the computer system become more and more important.
The goal of any enterprise should be the organisational structure which will enable stable business transactions, easy and fast development, optimal use of material and human resources, and quick response to the changes in the environment. Each enterprise should strive for the leadership position, which will allow the initiation, creation and dictation of changes that will set the competition in an inauspicious position. According to the above mentioned, the following requirements are set by the customers and market: quality, price and delivery dates. Based on these demands and their realisation according to the customer requirements, the continuation of production will be possible [2] .
The paper describes the artificial intelligence as a branch of computer science that deals with the designing of systems with some kind of intelligence, with the possibility to learn and to adopt new knowledge, to solve problems and to make decisions for which the human type of intelligence is necessary.
Because of the possibility of human mistakes and their fluctuation, the enterprises have the need to implement the expert systems and artificial intelligence tools [1] .
The expert systems contain the specific knowledge from one or more fields of science. Because of the high degree of solving problems, the expert systems are often used in the enterprises. They can find an approximate solution even if the problem data are not complete, and at the same time, they can explain how and why the specific solutions have been chosen and which steps have been taken during the problem solving. The implementation of new knowledge and flexible strategy of problem solving are the possibilities of expert systems, as well.
The paper shows the possibility of application of expert system for the selection of installation pipes. The suggested model takes into consideration different attributes (e.g. mechanical load, material, colour, flame resistance, length) which increases the reliability and model complexity. All these aspects of technical and technological properties given through the attributes are the subject of scientific investigations, especially in their exploitation with different approaches: from the recent development of selection of infrastructure with the condition monitoring [3] to the prediction of material properties by means of different probabilistic models [4] and expert systems in the combination with the monitoring data [5] , or complete selection models in the initial design stages [6] . The methodology used in the selection can be of different complexity, e.g. the decision making methodology with a compromise ranking method [6, 7] . Nevertheless, to our best knowledge, this presented usage is not explicitly investigated, and in practice, the users mostly have faith in the human expertise and various product catalogues.
Today, the experts in production have to make a reliable decision as soon as possible, and to know everything about the production process at any moment.
The application of artificial intelligence and expert systems in the single and small scale enterprises leads to the improvement of organisational structure, organisation of production preparation and manufacturing, decrease of preparation times, increase of productivity and decrease of production costs.
Artificial intelligence and expert systems
The notation of artificial intelligence is given to any inanimate system, which shows the capability to cope with the new situations. The artificial intelligence produces intelligent machines which act in the same way as people do.
There are many different definitions of artificial intelligence. According to [1] Marvin Minsky, the artificial intelligence is the science of making machines do things that would require intelligence if done by man.
The original idea for the artificial intelligence has been generated from the set of trials to make a biophysiological model of human brain with the goal to understand and to explain the brain functions and functionality. It means that the model needs to have the information processing ability (to adopt, to process, to generate, to store and to transfer) that is analogue to the human brain activities [8] .
There are two approaches in the artificial intelligence modelling [8] : 1. The first has the goal to make the models which can imitate the human brain activities with high accuracy that finally has to lead to an artificial intelligence system. 2. The second approach implies the development of artificial neural networks with the huge computer capabilities oriented at solving the specific practical problems (neurocomputer).
The expert systems, as one of the most important areas of artificial intelligence, are defined in many different ways, but according to the most simplified definition, they are the systems that simulate the knowledge of experts. The expert system is a computer programme that emulates the conclusion process of one or more experts [9] .
They contain the knowledge base and mechanisms for the problem solving which requires the human intelligence. The communication between the system and human beings is through the set of dialogues that have been implemented in the structure and according to that they try to understand the end-user problem. The system's way of thinking has been structured in such a way that it is understandable to the end-user, and at the same time, to be adaptable to describe the end-user's problem in a way that could be solved [9] .
The expert systems are the highly developed form of information storage and transfer. Unlike the traditional programmes that have the operating system and applications programmes, the expert systems have the knowledge base, the conclusion mechanism and the user interface.
The traditional programmes have the algorithm structures where the end solutions are anticipated, while the expert systems can also process the undetermined situations.
The expert system strategy depends on the control structures that are incorporated in the conclusion mechanism that combines the fact and rules from the knowledge base in order to solve the end-user problem. It is necessary to choose the shortest scanning time of all potential solutions.
Two basic scanning approaches are [9] : • to find a successful way of scanning the range of possible solutions and • to find the way to ignore the unnecessary scans.
Today, the expert systems cover all areas of human lives. Due to the economic reasons, the expert systems are introduced in all engineering fields, especially where some facts exist that can be easily formalised as laws.
Proposed model for the selection of installation pipes
Due to their excellent chemical properties, plastic materials find their usage in electrical engineering, electronics and architecture. Compared with the traditional (steel) pipes, the plastic pipes have the following advantages in different application areas: no corrosion, no fluctuating current, ideally smooth surface, stability and persistence, simplicity and speed of pipe laying, frost resistance and low surface condensation, resistance to impacts, pressure and shocking, easy identification and packaging.
The basic material for the production of pipes is the plastic material (polyvinyl chloride) which can soften with the increase of temperature, and indurate at the lower temperature. It consists of a mixture of polyvinyl chloride and the additives that are necessary for better machinability. The material for pipe production has been prepared for the polymerisation; the process of mixing of polyvinyl chloride with the stabilizer based on lead, barium, tin or calcium soaps. The production process consists of the extrusion of plastic pipes and injection moulding. The pipes have been produced by the extrusion process where the synthetic thermal material has been molten, and over the helicoid bolt, injected in the machine. Afterwards, the pipes have been calibrated, cooled and cut to a specific length. The produced pipes have been wound onto the reels and sent to the warehouse.
The investigation has to show the possibility of applying the expert systems for the selection of type of installation pipes according to the defined attributes.
According to the performed analysis of manifestations in the process of selection of installation pipes, the following attributes have been chosen. Some of them are simple, and others are complex, and depend on some other values.
The following attributes according to the internal catalogue [10, 11] are taken into consideration (Tab. 1).
After the goal is set, the expert system has to give the answer to the following question: Which installation pipe will be chosen according to the suggested attributes?
The solution of model will be a decision tree where the expert system alone choses the basic attribute. The decision tree consists of nodes, leaves and null-leaves.
The node represents the events and each leaf the possible solutions. The null-leaf is the solution without the solution, i.e. there is no solution for the given conditions. Attribute: Mechanical load. The mechanical load implies the effects of external forces and momenta. It is necessary to know how the pipe will behave under the specific loads. In that way, the pipes can be properly designed according to the customer demands. The examples of mechanical loads are: impacts, bending, cutting stress, pressure and vibration.
Table 1Attributes
Attributes Attribute values
Packaging (m)
Temperature range (°C) 
Attribute: Material.
• Thermoplastic HDP -a polymer material with garnet and linear macromolecules. It is fusible, resistant to shock, pressure and external influences such as water, oil, building materials and corrosive substances [11] .
• Polyethylene -Thermoplastic material which is the result of the polymerisation of ethylene and belongs to the group of polymers. It is one of the most used plastic materials. Polyethylene of high density can be applied for the pipes with the good strength at low temperature [13, 14] .
• Polyvinyl chloride -PVC -a material that is resistant to acids, alkalis, benzene, oils and organic solvents (except ketones and aromatics). The solid PVC is ductile and self-extinguishing, resistant to external influences, shape persistent, has good electrical features, resistant to heating till 80 °C, does not absorb the water, gas tight [14] .
Attribute: Colour. The colour selection is done according to the RAL standard and halftone code. The chosen colours [15] are: orange, yellow, grey, black, blue and green.
Attribute: Flame resistance. According to flame resistance, the pipes can be self-extinguishing and nonself-extinguishing. The self-extinguishing pipes are produced from PVC and they are resistant to flame, while the thermoplastic and polyethylene pipes are not flame resistant [13, 14] .
Attribute: Packaging and length. These attributes refer to the pipe length and packaging. The hard and light flounce flexible pipes can be sold in reels folded by the plastic cling film with heavy elasticity and very easy for transportation and usage. The solid pipes are delivered as the nest of tubes [13, 14] .
Attribute: Temperature range. This attribute represents the temperature range the pipes can be exposed to, and where deformability and resistance to external influences cannot occur.
Attribute: Outer diameter. The outer diameter presents the external diameter of pipes and its dimension.
The following types of pipes have been produced [8, 9] : wiring finned tubes (TC), electro-ribbed tubes for flush applications (ERC), finned tubes with double walls (Novotub), spiral corrugated pipes (as FLEX), electrostraight pipe-wall laying PNT, onions flat PNT tubes, clamps for flat PNT tubes, connectors for straight pipes PNT, junction boxes, channels, drinking water pipes, gas pipes, protective tubes, micro tubes, etc.
Example of selection of installation pipes by the application of expert system
The expert system enables the end-user to choose the best solution according to the requirements. It provides the monitoring of system behaviour with the identification of deviations that can endanger the functioning of system and enables making of reliable and safe decisions with the aim to take actions in the system according to the up-todate data and events. The system is based on knowledge that is presented by a decision tree, rules and events. The development of knowledge based system is a very complex process with many problems because the expertise, know-how, procedures, policies and other business knowledge are often inaccessible. The decisions are made according to the attributes which are defined by the experts, and which the end-users choose through the dialogues, calculations or reading of the existing data. The case table contains a list of examples or rules that show which decision will be taken into consideration according to a combination of attributes.
The attributes in the decision tree or case table can be presented by some other decision tree or case table. The constraints enable the creation of such rules which will provide that only the eligible combination from the set can be chosen according to the end-user requirements.
The expert system is structured as a project (Fig. 1) . Each module consists of objects -attributes, procedures, user interface and reports, variables and optimisation tools. First, the attributes have to be defined, as well as their values. There are also 860 rows, which describe the instances for the different attributes combination (Fig. 3) . How huge the problem is, can be represented by the decision tree that can be shown in a full scale only part by part. The short version of decision tree is shown in Fig. 4 .
Through the number of dialogue boxes (some of them are shown in Fig. 5 and Fig. 6) , the values will be specified and according to these values, the type of installation pipes will be set. The changes in values of each attribute have an influence on the type of installation pipes. 
Conclusion
The production enterprises want to minimize the overall production costs, to keep the quality of products and to increase their competitiveness. Through the product quality, the enterprises strive to attract the new customers and to increase the efficiency and productivity. Therefore, the organisation, quality of experts and knowledge are becoming more and more important to any enterprise.
The aim of this paper is to predict the input values of attributes which will allow the required output type of installation pipe through the application of expert system. The input values are given through the following attributes: mechanical load, material, colour, flame resistance, length, packaging, temperature range and outer diameter.
The results of the implemented model can be divided in a practical and theoretical way. The theoretical result is achieved through the making of model for the selection of installation pipes. The practical results are realised through the decision making as soon as possible and the possible implementation of model in the Management Information System as a support to the decision making. The application of expert systems decreases the costs, it can be used in hazardous areas, and they cannot get tired, like the experts who are solving the problem. They can give a second opinion, an explicit and detailed interpretation of conclusions. They have the intelligent knowledge base and the possibility to adopt new knowledge. Even these expert systems have some disadvantages: they use only the stored data to make decisions. Therefore, it is necessary to change the information according to the real situation in the environment.
Further improvement steps are: to incorporate other attributes that could have some influence on the process of selection of installation pipes (which are not included in this paper) and to increase the knowledge base with the new data.
The application of expert systems makes the work easier, and further prosperity and development of enterprises can be achieved in that way.
